Abstract. The aim of this study was to evaluate the estrogenic activity of tuberous samples of wild, phytoestrogen-rich Pueraria mirifica collected from 28 out of 76 provinces of Thailand by MCF-7 proliferation assay. The plant extracts were administered to MCF-7, ERα positive human mammary adenocarcinoma cell cultures, for 3 days at dosages of 0.1, 1, 10, 100 and 1,000 µg/ml and were compared with 17β-estradiol at concentrations of 10 -12 -10 -6 M. The mean P. mirifica population at 1 µg/ml exhibited significant proliferation. Two plant samples exhibited levels of proliferation in MCF-7 that were similar to 17β-estradiol. The mean P. mirifica populations at 100 and 1,000 µg/ml exhibited significant cytotoxicity in MCF-7. Analysis of the estrogenic activity of puerarin, representative of major isoflavonoids in P. mirifica tubers, revealed proliferation in MCF-7 only at the highest dose (10 -6 M) that was 10 2 -10 5 times less active than 17β-estradiol. Puerarin and 17β-estradiol at concentration of 10 -12 -10 -6 M exhibited no cytotoxicity in MCF-7. Key words: Isoflavonoid, MCF-7 proliferation assay, Phytoestrogen, Pueraria mirifica, Puerarin (J. Reprod. Dev. 54: [63][64][65][66][67] 2008) he plants in genus Pueraria are largely distributed in Asia and have a long history of ethnopharmacological applications [1] . Pueraria mirifica Airy Shaw et Suvatabhandu, family Leguminosae, is an indigenous Thai herb. The potent estrogenic activity of the plant has been proven in a 1-year human clinical trial of 4 menopausal volunteers at Ramathibodi Hospital, Faculty of Medicine, Mahidol University, Bangkok, Thailand. An average dose of 100 mg of tuberous powder per day was effective for long-term treatment of menopausal symptoms [2] , and toxicological tests showed that it did not have significant adverse effects in animals and human volunteers. An acute toxicity test of P. mirifica treatment at a dose of 16 g/kg BW using rats did not reveal any adverse effects [3] . However, P. mirifica did initiate adverse effects such as anemia, during subchronic treatment for 3 months at doses of 100 and 1,000 mg/kg BW [4] . Haemotological adverse effects were confirmed in a 6-month chronic toxicity test at a dose of 250 mg/kg BW [5] . Treatment with the plant extract at high doses 600 and 800 mg/kg BW, for 30 days induces micronucleus formation in male rats [6] . However, pretreatment of weanling rats with P. mirifica powder at a dose of 10, 100 and 1,000 mg/kg BW for 28 days resulted in a dose-dependent prevention of mammary tumors induced by 7, 12-dimethylbenz (a) anthracene (7, 12-DMBA) [7] .
(J. Reprod. Dev. 54: [63] [64] [65] [66] [67] 2008) he plants in genus Pueraria are largely distributed in Asia and have a long history of ethnopharmacological applications [1] . Pueraria mirifica Airy Shaw et Suvatabhandu, family Leguminosae, is an indigenous Thai herb. The potent estrogenic activity of the plant has been proven in a 1-year human clinical trial of 4 menopausal volunteers at Ramathibodi Hospital, Faculty of Medicine, Mahidol University, Bangkok, Thailand. An average dose of 100 mg of tuberous powder per day was effective for long-term treatment of menopausal symptoms [2] , and toxicological tests showed that it did not have significant adverse effects in animals and human volunteers. An acute toxicity test of P. mirifica treatment at a dose of 16 g/kg BW using rats did not reveal any adverse effects [3] . However, P. mirifica did initiate adverse effects such as anemia, during subchronic treatment for 3 months at doses of 100 and 1,000 mg/kg BW [4] . Haemotological adverse effects were confirmed in a 6-month chronic toxicity test at a dose of 250 mg/kg BW [5] . Treatment with the plant extract at high doses 600 and 800 mg/kg BW, for 30 days induces micronucleus formation in male rats [6] . However, pretreatment of weanling rats with P. mirifica powder at a dose of 10, 100 and 1,000 mg/kg BW for 28 days resulted in a dose-dependent prevention of mammary tumors induced by 7, 12-dimethylbenz (a) anthracene (7, [7] .
The phytoestrogens of P. mirifica exhibit the following responses: dose-dependent estrogenic effects on the reproductive system, initiated vaginal cornification, increased uterine weight with decreased follicle stimulating hormone (FSH) and luteinizing hormone (LH) serum levels in ovariectomized rats [8] , increased length of the follicular phase and total menstruation cycle [9] , decreased estrogen, progesterone, FSH, and LH concentrations at the dose of 1,000 mg/kg BW [10] , and ovulation blockage in female monkeys [11] . In aged menopausal monkeys, consumption of crude powder from the plant decreases the concentrations of FSH and LH [12] and parathyroid hormone (PTH) [13] and induces reappearance of sexual skin [14] . Consumption of a high amount of P. mirifica caused disruption of male sex organs, including the epididymis and seminal vesicle, and affects sperm motility and viability [15] but leads to protection against osteoporosis in orchidectomized rats [16] .
Vaginal cornification can be used to rapidly evaluate estrogenic activity on the vaginal epithelium of ovariectomized rats [17] . This method has been adapted for evaluation of the Thai P. mirifica population and in capable of ranking plants based on their estrogenic activity in relation to vaginal epithelium differentiation [18] . These findings confirmed that the Thai P. mirifica population could be used as an alternative to estrogen.
The MCF-7 proliferation assay which is based on proliferation of ERα positive human mammary adenocarcinoma cells, is a well accepted method for evaluation of estrogenic effects initiated by phytochemicals [19] , animal products [20] and plants [21] . This system has also been used in evaluating the anti-estrogenic activity of chemicals [22] . HPLC analysis of P. mirifica distributed in 28 provinces of Thailand revealed that isoflavonoids are major chemical components of the tubers and also that they exhibit great variation within the plant population. The results of the study lead not only to the conclusion that the plant population exhibited chemovariety but also lead to the question of whether or not the tubers collected from different sites, with different isoflavonoid contents, exhibited the same level of estrogenic activity [23] . We therefore applied the MCF-7 proliferation assay to evaluation of the estrogenic activity of the plant population. Puerarin, one of the major isoflavonoids in this plant, was also analyzed in parallel with 17β-estradiol to aid in elucidating estrogenic mechanisms, and this allows for this data to contribute to a better understanding of the roles of puerarin in estrogenic activity in relation to this plant. The results of this study could be beneficial not only as a guide for ranking plants from different sites but also as a guide for tuber collectors by providing information on estrogenic activity.
Materials and Methods

Plant material
The tuberous roots of wild P. mirifica were collected from 28 out of 76 provinces in Thailand: these plants had previously been analyzed concerning the major isoflavonoid contents of puerarin, daidzin, genistin, daidzein and genistein [23] . The plants were identified by the authors by referring to a previous study [24] and were compared with the voucher herbarium specimen, No. BCU 11045, which was collected from Chiang Mai Province, Thailand. Preparation of ethanol (EtOH) extracts from the plants was also performed as described previously [25] .
Cell culture
MCF-7, estrogen receptor α (ERα) positive human mammary adenocarcinoma cells, were obtained from the Section of Experimental Oncotherapy, Research Division, National Cancer Institute, Ministry of Public Health, Thailand. The cells were grown as a monolayer in Eagle's Minimal Essential Medium (EMEM) with phenol red supplemented with 10% heat-inactivated newborn calf serum (NCS; BioWhittaker, Walkersville, MD, USA), 10 4 unit/l Penicillin G and 1 mg/l Streptomycin sulfate (antibiotics; BioWhittaker) and incubated at 37 C in a 5% CO2 incubator. The medium was changed once every 3-4 days to maintain the optimum conditions for exponential growth.
Estrogenic activity analysis by proliferation assays
The EMEM medium was removed, and the cells were rinsed with 3-4 ml phosphate buffer saline (PBS). The cells were trypsinized with 4 ml of 0.25% trypsin. Fresh Dulbecco's Modified Eagle's Medium (DMEM), without phenol red was added and aspirated gently. The cells were counted using 0.4% trypan blue dye solution and a hemocytometer. One hundred µl of diluted MCF-7 cell suspension (at approximately 5 × 10 4 cells/ml) were inoculated onto 24-well plates in DMEM medium supplemented with 10% heat-inactivated NCS penicillin and streptomycin.
Stock solutions (10 -5 M) of puerarin and 17β-estradiol were freshly prepared in dimethyl sulfoxide (DMSO) diluted with control solution [(DMEM culture medium with 2% DMSO (v/v)]. Stock solutions of the plant extracts were freshly prepared (10 4 µg/ ml) in DMSO, diluted with cell culture medium. The concentration of DMSO following dilution was 2% of the total volume. The assays were prepared by incubating the cells with puerarin and 17β-estradiol (at 10 -6 , 10 -7 , 10 -8 , 10
, 10 -11 and 10 -12 M with 3 wells per concentration), and with neither puerarin nor 17β-estradiol [control D3, MCF-7 cells in 2% DMSO (v/v)]. The multi-well plates were incubated at 37 C in a 5% CO2 incubator for 3 days. The assays for the plant extracts were prepared by incubating the cells with the plant extracts (at 0.1, 1, 10, 100 and 1,000 µg/ml, with 3 wells per concentration) and without the plant extracts (control D3). The inhibitory concentration (IC50) for D3 analysis of the plant extracts was based on the concentration interval of the plant extracts causing 50% cell death, in comparison with DMSO (control D3).
MTT assay
The culture flasks were medium drained by inversion. The adherent cell layer was rinsed once with 1 ml DMEM and subsequently fed into micro-well plates with 900 µl fresh DMEM. One hundred microliters of 3-(4, 5-dimethylthazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) solution was added to the wells and incubated for 3 h in the dark at 37 C. The medium and MTT were removed from the wells. The remaining MTT-formazan crystals were dissolved by addition of 900 µl DMSO together with 125 µl glycine buffer per well. The absorbance of the solution was analyzed by spectrophotometer at a wavelength of 570 nm with 900 µl DMSO and 125 µl glycine buffer as the blank [26] .
Calculation of cell growth
The absorbance value of the control D3 was taken as 100% cell growth. The absorbance values of the other samples were converted to percentage values compared with the control D3. The concentration range at which 50% of growth inhibition occurred was considered to be the IC50.
Statistical analysis
The results are shown as means ± SEM of three replicated experiments. One-way Anova was performed to determine significance differences within groups and between groups (LSD test). All statistical analysis was performed using SPSS version 10.0 (SPSS Chicago, IL, USA). A P value of less than 0.05 was considered to indicate statistical significance.
Results
Puerarin at concentration of 10 -6 , 10 -7 , 10 -8 , 10 -9 , 10 -10 , 10 -11
and 10 -12 M were compared with 17β-estradiol at the same concentrations in the incubation tests with MCF-7. MCF-7 in DMSO was used as a negative control. Puerarin at a concentration of 10 -6 M and 17β estradiol at concentrations of 10 -11 -10 -8 M produced significant proliferation in MCF-7 (P<0.05). The two chemicals did not show cytotoxicity at the tested concentrations (Table 1) .
Sixteen and 1 of the 28 samples produced significant proliferation (P<0.05) in MCF-7 at concentrations of 1 and 10 µg/ml, respectively. Seven, 17 and 28 of the 28 samples exhibited cytotoxicity (P<0.05) for MCF-7 at concentrations of 10, 100 and 1,000 µg/ml, respectively. The IC50 values of the plant extracts against proliferation of MCF-7 were also calculated. None of the plant samples exhibited an IC50 of less than the value of 1,000 µg/ml. At 1 µg/ml (Table 2) , the mean P. mirifica population exhibited significant proliferation (P<0.05). At 100 and 1,000 µg/ml (Table 2) , the mean plant population exhibited significant cytotoxicity (P<0.05).
Discussion
P. mirifica tuberous extracts collected from 28 out of the 76
provinces of Thailand produced proliferation in MCF-7 at a low concentration, 1 µg/ml, and cytotoxicity at high concentrations, 100-1,000 µg/ml. These results are similar to those from a previous investigation with only one sample of P. mirifica collected from Chiang Mai Province [25] . The results of these tests are also the same as those found in studies with genistein or daidzein, the key phytoestrogens in soya [27] [28] [29] . The plant crude extracts collected from Phitsanulok Province (exhibiting cell growth of 145.70 ± 8.93%) and Nakhon Sawan Province (exhibiting cell growth of 142.99 ± 11.84%) at 1 µg/ml showed the same level of proliferative effect as 17β-estradiol at 10 -10 M (exhibiting cell growth of 146.00 ± 5.81%). This means that phytoestrogens from the two crude extracts of P. mirifica at 1 µg/ml could exhibit strong binding with the ERα of MCF-7 cells. This is strong evidence that some of the Thai P. mirifica samples could be effectively used as a replacement for estrogen.
In the present study, 17β-estradiol at the concentrations of 10 -12 -10 -6 M exhibited no cytotoxic effects on MCF-7 cells. On the other hand, the P. mirifica population exhibited cytotoxic effects at concentrations of 100 and 1,000 µg/ml. We previously demonstrated in a test with the same cell line that a high concentration of this plant's extract at 1,000 µg/ml leads to strong competitive binding with estrogen and a dramatic increase in cytotoxicity or produces a potent anti-estrogenic effect [25] . Nevertheless, the estrogenic activity of the plant tubers is considered high as only a crude EtOH extract was used, not a purified form as in a previous study [30] . It should be noted that in the estrogenic activity analysis using the vaginal cornification assay with the same plant samples, the first two plant samples that exhibited the strongest estrogenic effect were samples collected from Kanchanaburi and Chumphon Prov- Each value is the mean ± SEM (n=3). * Proliferation of growth of MCF-7 is significantly greater than for DMSO (P<0.05) Each value is the mean ± SEM (n=3). * Proliferation of growth of MCF-7 is significantly greater than for DMSO (P<0.05). ** Antiproliferation to the growth of MCF-7 is significantly greater than for DMSO (P<0.05). DMSO is the negative vehicle control (without plant extract).
inces [18] , which was not the case in present study. MCF-7 contains only ERα but both ERα and ERβ are present in the vaginal epithelium. This may be one of the reasons why the estrogenic response of MCF-7 cells did not correlate with the estrogenic response of the vaginal epithelium. The previous estrogenic testing was done using rats, while the present study was done using a human mammary adenocarcinoma cell culture. This implies that the two estrogenic activity analysis methods share different estrogenic mechanisms and might also be initiated by different amounts or even different types of ER. Puerarin, a selected representative of major isoflavonoids in the P mirifica population (23.01 ± 1.80 mg/100g powder [23] ), led to proliferation of MCF-7 only at a high concentration (10 -6 M), while 17β-estradiol showed the same effect at concentrations of 10 -11 -10 -8 M. It is clear that puerarin exhibited a proliferative effect that was 10 2 -10 5 times lower than 17β-estradiol. In vitro puerarin may play a strong role in proliferation, but the plant's tuberous puerarin content may not be high enough to induce this proliferative effect. Concentrations of 10 -12 -10 -6 M puerarin have no cytotoxic effect on MCF-7, so the cytotoxicity of all the plant samples at high doses, 100-1,000 µg/ml, in this study is probably derived from other phytoestrogens. Genistin is the isoflavonoid with the highest concentration in the P. mirifica population (35.39 ± 2.09 mg/100 g powder [23] ). The results of this study may thus be related to the genistin content in the plant tubers. Even though genistein manifested an cytotoxic action on MCF-7 by alternation of estrogen receptor dependent pathways [31] and exhibited strong competitive binding to the ERα of MCF-7 with estrogen [32] , genistein and daidzein are present in small amounts in the plant population, 1.19 ± 0.10 and 6.12 ± 0.40 mg/100 g powder, respectively [23] , and thus had no cytotoxic role. Tests using MCF-7 with deoxymiroestrol and miroestrol isolated from P. mirifica have also been conducted [33, 34] . These two chemicals were found to exhibit more estrogenic potency than genistein and daidzein. It is obvious that they also played a great role in the MCF-7 assay of the plant population.
In summary, in comparison with the vaginal cornification assay proposed for evaluation of estrogenic activity in phytoestrogen-rich herbs, testing with MCF-7 is quicker and more convenient. Furthermore, an estrogenic response and cytotoxicity can be observed within the same test, but with different concentrations of the tested materials. The MCF-7 proliferation assay is also convenient for analysis of large samples, such as the population of P. mirifica in this study. The only disadvantage of this method is that the results of the test may not represent the estrogenic response in animals or humans due to the absence of a metabolic activation system and differences in ER types and contents. Furthermore, the results clearly demonstrated that evaluation of the estrogenic activity of the phytoestrogen-rich plants definitely varied depending on the analytical methods used.
